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© Ethylene polymer blend. 

© Ethylene polymer blends of a high molecular weight 
ethylene polymer, preferably an ethylene-mono-1-olefin 
copolymer, and a low molecular weight ethylene polymer 
preferably an ethylene homopolymer, both preferably with 
narrow molecular weight distribution and low levels of long 
chain branching exhibit excellent film properties and good 
environmental stress crack behavior superior to that ex- 
pected for polyethylene of comparable density and melt 
flow. These resins are useful for the manufacture of film or in 
blow molding techniques, the production of pipes and wire 
coating. 
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ETHYLENE POLYMER BLENDS 

Background of the Invention 
The present invention relates to the production and use of 
hlends of ethylene pollers of different nolecular weight. More 
specifically the present invention relates to fil* grade ethylene poller 

5 blends. , 

ta recent years high density polyethylene film bee been 
cerciell, very enccessful as . replacement f.r kreft paper Several 

«. resins neve therefore been introduced on the market, toon* 
these new resins ere Ugh molecular veight hi|h density polyethylene 

l0 resins having a broad molecular .eight distribution. _ 
tte prodnction of high density polyethylene today can be called 

, mature technology. One of the centring goals in this technology is 
te develop cetelysts .1th high productivities so that a catalyst repeal 
s „p can be avoided In the p.ly«r production. Such high productivrty 
« cetelysts have been developed in recent yeers. These catalyst, so»m««s 
produce ethylene polymers .ith a nmrro. .molecular weight distribution 

T L resins produced .fSfoSu productivity caUlysts in vre. 
of their nsrro. moleculer .eight distribntion are often not ideal for the 
ab „e described appHcetion of the high density polyethylene as a fxl. 
20 forming resin. It mould be very desirable to have an ethylene polyner 
composition available »hich can be produced .ith high productr.it, 
cstelyste e.d vhich still has film grade resin qualities, there is a 
further specific problem encountered in the production of resins for 
eppUc.ti.ns es films. The Mm properties desired end the desire 
s processability of the resin ere often in conflict. Improvements on the 
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c ntlv result in reduced fill qualities aad vice 
processability frequently result 

VerS3 ' , Arties of film for many applications conflict 

The desired properties of ^ 

wit h each other. - B-ry — ■ «~ 

resistance) are usually most film powers are a 

that make stiff sacks are too brittle 
compromise: a balance of performance features. 

The Invention 
wet of this invention to provide an ethylene 
Tt is one object or 

-torn useful for such applications as film 
3 polymer resin composition useful 

production. ^ to ide ^ene polymer 

. — r.r:rr 

resi n for «- «- iwmtion is «. provide w 

A of ^ can be — -* «* 

polymer resin compositions, tne p y 

stiU mother ^ a ^ c ^ ositlm 

for the manufacture of polyoletin 

„bich has acceptable «!. u u provide an 
acreage., ?•»«="» ™ irtMCe ' UnpaCt 8 

atress cr.es resisu.ee (ESC*). „ pr0 , iJe . resin 

to inportanC object of this inven a5 

3„ position bavin, s better balance of stress - -psct 

compared to too™ resins. features, details and 

^ ano other objects, sovaota 8 es, featnr ^ 

eminent, of this invention 111 hecne spparent ^ 
tte art fro. the foUo.ro. detail* -crrp - * ^ 

35 append claims - * » ^£ Macular *ei 8 ht cogent 

analysis correlations between fflffl of the high 
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and blend properties, Figures 8 and 9 show typical molecular weight 
distributions of blends of this invention. 

In accordance with this invention it has been found that a 
mixture of a low molecular weight ethylene polymer and a high molecular 
weight ethylene polymer exhibits both desirable processing properties and 
excellent film properties when extruded into a polyolefin film. The 
polymer blends so composed are useful for the production of polyolefin 
film, particularly by blown tubing techniques, and for blow-molding (e.g. 
to produce bottles), pipe production and wire coating. 

The low molecular weight ethylene polymer, the high molecular 
weight ethylene polymer and the blend are further characterized in Table 
I. The typical bimodal molecular weight distribution of the resin blends 
of this invention is shown for two different samples in Figure 8 and 9, 
respectively. 
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TABLE I 

pgggggTIES A F M FTWVLENE P0 LYWERS AMDS™ 



HLHI 

min) 

generally 
preferred 

10 MI 

( fflQ min) 

generally 
preferred 

Density 
15 ff/cc) 

generally 
preferred 

Structure 
(Monomers) 

20 generally 



25 



preferred 



most 

preferred 



30 



Branching 



35 



High Molecular 
Weight Ethylene 
Polymer 



0.1-1.5 
0.2-0.6 



Low Molecular 
Weight Ethylene 
Polymer 



ahout 0.930-0.955 
about .930-. 945 



Ethylene or 
Ethylene and 0 
to 30 wt. % C 3-1(J 
olefins 

Ethylene and 1 to 
15 vt. % C 3 . ? 
olefins 



45-300 
100-300 



ahout 0.945-0.975 
about .950-. 975 



Ethylene or Ethylene 
and 0 to 30 wt. % 
C 3 . 10 olefins 

0.5 to 5 wt. % 
C 3 -10 ° lefiaS 



Blend 



3-34 
5-12 



0.01-0.6 
0.03-0.5 



.940-.965 
.950-. 960 



Ethylene and 5 to Ethylene ("Homopolymer' 
auuyxcu • ^ that contains 



10 wt.% C 4 , 1Q 
olefins 
(random copolymer) 



essentially no 
□ranching other 
than short chain 
branching from 
comonomer 



i.e. one that contains 
less than about 2 weight 
% 1Q olefin comonomer, 

most preferably a true 
ethylene homopolymer) 

essentially linear 



40 



Mnlecnlar Weight 
Distribution (SEC) 

(Hi = iyV 

generally 
preferred 



<10 
4-9 



<6 
2-4 



>18 
20-35 
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The various polymer properties in this table and following 
tables are determined as follows: 

Ml (melt index, g/10 min, 190°C): ASTM D 1238-65T, load of 

2.16 kg 

c WSL (High load melt index, g/10 min, 190«C): ASTM D 1238-65T, load of 

3 21.0 Kg 

Density(g/cc): ASTM D 1505-68 
M = weight average molecular weight, determined by size exclusion 
w chromatography (SEC) 
10 M = number average molecular weight, determined by size exclusion 

1 n chromatography (SEC) 

HI - heterogeneity index = Hjli n 

The preferred polymers and blends have molecular weights and 
molecular weight distributions roughly as shown in the following table: 



15 



A to 9 



TABLE II 

Com ponent #1 (Hifth Molecular Weight) 

Ap proximate Values Typical Range _ 

M ~ 500.000 4°°> 000 t0 700 ' 000 

w 

M - 70,000 

20 iyM n ~ 7 - 5 

Component #2 (low Molecular Weight) 

M - 15,000 1°» 000 t0 20 > 000 

w ' 

M - 5,000 

y« n ~ 3 2to4 

25 Blend 

M ~ 270,000 200,000 to 400,000 

w 

M - 10,000 

M /M - 27 20 t0 35 

w n 



The presently preferred ethylene polymers and copolymers within 
30 the limits set forth above are those produced with high productivity 
catalysts such as titanium/magnesium catalysts used in conjunction with 
organoaluminum cocatalysts. Such catalysts as well as polymerization 
processes to make such ethylene polymers are described in more detail in 



0100843 

„n Patent Application Ho. SI .06 ».5 - « « "»•» 
of which is herein incorporated by reference. 

In accordance with the first eminent of this inventiou a 

^T^rSJT^. L blending can he don, * 
rv blend »g the two Uuds of polyps in fluff (powder) 
iLfUtiL to mi, the polymers include melt blending 
extruder. Banbury* mixers and single or twin screw extruders can he 
, The preferred method is dry blending followed b, melt 

^ The blending conditions depend upon the U-*. «*-f- 
^ld If a dr, blending of the poller fluff is the blending 

C up to about «• C end blending times in the r^o 

5 ^seconds to minutes, e.g. 2 seconds to 5 manures. If extrusion 
«J1 is used, the temperature of the pollers introduced into the 
blending is usea, x d a temperature 

extruder will be generally between room temperature and a temp 

- the melting ^t of the ^J^ZZZZZ I- 
extrusion blended polymer will be in the range be d - vidual 

.f,n° C above the melting point. Tne maivxuuaj. 
!0 of the poly-r and up t. 160 C above ^ ^ ^ 

„„lvmer narticles usually remain m the extruoei io 

polymer parti teclml , 0M are 

seconds to about 15 minutes, n 

^pioyed the blending temperature will generally be 25 to 50 C 

cloud point of the solution involved. 

Another embodiment of this invention is . poly-r blend of the 

t .o ethyleue polymers ss defined abuse. Sucb • blend cons. « 
essentially of the two polymers and commonly used polyme ^ddiU,.s -* 
as antioxidants, UV stabilizers, fillers, plants etc. * ~ «^ 
^redients are present in this blend in pities based on the total 
30 polymer as specified in Table 111. 



0100843 

TABLE III 
BLEND COMPOSITION (WEIGHT %) 

Generally Prefer red 

High molecular 

•dgtfW- 40w , 0 abottt 50 to .bout 55 

(HLMI 0.1 to 1.5) 

Low molecular 
weight ethylene 

(^45-300) 60 to 30 about 50 to about 45 

The resins blended are preferably selected from the HLMI and 
the MI ranges respectively so that a high molecular weight resin from the 
lower end of the range for HLMI values is blended with a low molecular 
weight resin from the higher end of the range for the MI values and vice 
versa. 

Other embodiments of this invention are a method to produce an 
ethylene polymer film and the film so produced. The method of producing 
the ethylene polymer film includes extruding a molten web composed of the 
ethylene polymer blend defined above which is drawn down to the desired 
thickness, generally in the range of 0.1 to 5 mil. Extruding a flat 
film (width between 1 foot and 15 feet) and extruding a film tubing are 
both contemplated in this embodiment. The tubular extrusion with a 
blow/up ratio of tubing diameter to orifice die diameter in the range of 
about 2:1 to 10:1 is presently preferred. Typical dies have orifice 
diameters of 1" to 100". 

• The invention will be still more fully understood from the 
following examples which are intended to illustrate the invention and 
further preferred embodiments thereof without undue limitation of the 

scope of this invention. 

The experimental methods and procedures employed in the 

following examples were as follows: 
Ethylene Polymer Production 

In a pilot plant several ethylene homopolymers and ethylene 
1-hexene copolymers were produced with high activity titanium/magnesium 
catalysts. These catalysts are described in detail in the above cited 
European Patent Applications. Polymers produced were either high 
molecular weight or low molecular weight polymers as further specified in 
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mles F or stabilization during the processing the 
the following examples, w 

, additives were admixed with the polymers: 

following additives were 

. Calcium stearate 

lefi 0 1 weight % of Irganox 1010 6 (tetrakis- 

Tbe —8 »f the two a y ^ ^ ^ ^ ^ ^ 

l0 out la • variety .f apparatas. A ^ ^-sunoard 38 

■* 4 ^ r» ° - ^ - - ■ - 

,„» single screw extruder were a r<)remost 

QG10-10 graaulator, a ua-»i S 
15 , Cmberlaaa 6 pellatiaat. - a ^ fU . usiog 

». etayUne polymer M- - - scre „. tte 

. 3S - WH— — ^ aie 8 ap. A. ai, ria 6 « 

raa ta. liaear — „ ere . 

The various properties 01 w«= ■> 

measured as follows: 

25 « ^ct — - - r - 

the film upon impact of a free S caused 5Q 

weigh t of the dart *- ■ he^t of ^ ^ _ ^ ^ 

percent of the samples t ^ ^ fflissile weight increment 

determine tbe 50 percent failure level, 



30 

was 15 g 



35 



Mmnndorf Tear: 4 Tatle XV, was 

i^Elmendorf tear resistance, called te 
• aqtm D 1922 This is a modification for poiyrc 
measured using ASTM D 19^- 
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adapted from the Elmendorf tear test used for paper. This method 
determined the average force in grams per specimen required to propagate 
a tear through 2.5 inches of film. The method was used to rank relative 
tearing resistance of different blends. 
5 Patterson Puncture : 

The resistance to puncture/propagation of tear was measured by 
a modification of ASTM D 2582. This test method is used for 
determination of dynamic tear resistance or resistance to snagging of 
plastic film. The ASTM method was modified for lower weight carriages. 

10 S pencer Impact : 

Spencer impact was measured using ASTM D 3420. The following 

formula was used to obtain an impact value in joules. 

E = RC/100 

E = Energy to rupture, Joules 
15 C = Apparatus capacity, 1.35 Joules 

R = Scale Reading on a 0 to 100 scale. 

This method was more rapid than dart impact and could be used 
as a control test while the film line was running. This test measured 
the energy necessary to burst and penetrate the center of a one mil thick 
20 specimen, mounted between two rings with a 3h inch diameter. 
fish Eye : 

Fish eye count or gel count was made on two sections of film 
one mil thick and one square foot in area. Only fish eyes greater than 
ten mils in at least one dimension were counted. In the case of film 
25 with fish eye 'count greater than 50 per square foot a five square inch 
section of film was counted. 
Tensile Strength and Elongation : 

Tensile strength and elongation were measured in accordance 

with ASTM D 638, 2"/min. 
30 Shore Hardness : 

Shore D hardness was measured in accordance with ASTM D 

2240-68. 
EDI: 

Rheological distribution index (EDI) is an arbitrary 
35 rheological index value obtained from measurements made on a polymer 
sample with a Rheometrics Dynamic Spectrometer (Rheometric's Company). A 
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10 



, «, subiected to . sinosoidal, oseillating .hear 

str afn between - >»""*\;r,lY* w * r .di.ns/.ec. A lorlos PL' 
M ciU.ti.» i. «H^ : « ^ ^ and * siope - * ~ 
of fteqofflcy vs. dsnemc - 5 2. ft, 

catered »beo too ioss »^ » « » „ ^ tbe 

— t f" 1 «Jnt «*trib.tion (too brooder to, 
15 "It to. J respoose, to. « — is thongst to 

distribution the greater cu distribution. 
pro vide a reliable indication of Secular weight 

n^uraljpiulus.jffa: acco rdance with ASTH D 

J^luxural modulus is determined m accor 

790. 

, ^ Environ.oaui ^s. Crocking Resistance vos detained U 
accordaoce with ASTM D 1693-60 f condition A. 

d^ic shear viscosit,, in -to -J^^ 

£IM cho Kooo.ot.es ^t £ !em3tioo,. 
* • at 0 1 radians/second (frequency w*. 

20 " P ° rted "^.1 .U - to. * ' 

abbreviations will be used. 

PE: ethylene homopolymer ^ j ^ 

EHC: ethylene 1-hexene copolymer, 75-99 vt. % 



25 25 wt. % 1-hexene. 



30 



1, film «as produced from commercially available 
In this example film was prou 

• unctalen® GM9255 (Hoechst), and TR130 
ethylene polymer resins Hostalen ^ ^ 

^ethylene (Phillips Petroleum Company) j^--^ ^ ^ 
catalyst, and an ethylene polymer biena f 

results as well 

«4rt as so.»» in the foilo-in, table. The*. ^ 

as tho properties of the poller «- — f " P ' 

fU. ore given in the f.U«iog Table ^ 

ta paring j*p»- «-*^J ^ ^ _ day if tt 
conditions were employed and the film 
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all possible. 
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The dot. in T.bl« IV cohere the properties for the preferred 
othyleoe poller hleod in socordsoce with this iooeotioo, M*» » 

' L; 50/50 «t % hleod of the lev molecular .eight sod the hrgh 
TX -U thTleo! pol^r with the ti U properties echie,ed .ith 
TZZ resiL sod three experi^Ul bleeds. Toe eth^eoe 

;: isM r hieod resoued io - ~X£T«. 
resistance compared to the commercial film resins even uio g 
" « properties .ere siniler. The fish eye eoont »ss iocressed .beo 

„troder hot the chsr w redoced by the eootinuous orxro* method. It 
r to he ooted thet the hleod ohuioed in the 2FCH oppsrstoe hsd 
rodoeed fish eye eouot cohered to the single serev extroder hleod. 

EXAMPLE II 

U this example the influence of the MI (melt index) of the low 

• k* othvlene nolvmer component in the olend was tested. The 
molecular weight ethylene polymer y techniques 
com ponents used and the results ohtained as well as the mixing techn q_ 
employed are shown in the following Table V. 
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TABLE V 

SLOT FILM STUDY OF EFFECT OF MELT INDEX 
OF LOW MOLECULAR WEIGHT COMPONENT 



55 



55 



55 



55 



45 



i3) 







45 


45 


45 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


2.2/lSS (1) 


2.2/1SS 


2.2/1SS 


2.2/1SS 


DDD 


yes 


yes 


yes 


yes 


yes 


220 


220 


220 


160 


220 



(2) 



EHC 1.3 HUH, 0.940 g/cc 55 

PE 158 MI, 0.966 g/cc 45 

PE 67 MI, 0.968 g/cc 

PE 47 MI, 0.971 g/cc 
Mixing : 

Henschel Powder Mix 
Force Feeder 
Screw Type 
Static Mixer 
Temp. °C 
R esults : 

' 2 

Fish Eye Count/ ft 

Melt Index, g/10 min 

HLMI, g/10 min 

Density, g/cc 

RDI 

ESCR, hours 

(1) 2.2/1SS is a single stage screw having a compression ratio of 2.2. 
( 2 >BDD is a devolatilizing screw with a double Dulmage mixing section. 
^Static mixer section (Kenics Co.) located between extruder and 
pelletizing die. 

The results in Table V indicate that while the fish eye count 
was reduced by using a mixing screw, decreasing the melt temperature from 
220«C to 160°C did not reduce the fish eye count. This is a significant 
and advantageous result because it shows that an increase in temperature 
does not increase the fish eye count. The data of this table also 
indicate that the melt index or molecular weight of the low molecular 
weight component was not a controlling factor in the fish eye count. 

EXAMPLE III 

The previous example was essentially repeated with a group of 
different resins. The ingredients and quantities used as well as the 
data obtained are shown in Table VI. 



564 


840 


192 


312 


132 


0.23 


0.22 


0.23 


0.23 


0.19 


16.4 


12.5 


12.7 


12.7 


11.5 


0.9577 


0.9568 


0.9559 


0.9559 


0.9550 


1.58 


1.52 


1.44 


1.49 


1.53 


>1000 


>1000 


>1000 


>1000 


>1000 
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The data in Table VI demonstrate a strong dependency of the 
fish eye count upon the quantity of high molecular weight polymer 
utilized. The higher the quantity of the high molecular weight component 
in the resin the lower the fish eye count became. Fish eye count and 
Uend melt index are again shown to be independent of the melt index of 
the low molecular weight component. 

EXAMPLE IV 

The previous example was again essentially repeated with the 
components as shown in Table VII. In this experiment the high molecular 
«eight polyethylene was not an ethylene 1-hexene copolymer but rather an 
ethylene homopolymer. 
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The data in Table VII show the same trend as observed in the 
earlier examples, namely that the fish eye count goes down with 
increasing quantity of high molecular weight ethylene polymer. 
Additionally, however, the above data show that the environmental stress 
crack resistance is substantially reduced when an ethylene homopolynier is 
used as compared to the previous examples where an ethylene 1-hexene 
copolymer was used as the high molecular weight component. 

EXAMPLE V 

In this example various blends of 60 weight percent of high 
molecular weight resin and 40 weight percent of low molecular weight 
resin were tested. The polymers used and the results obtained as well as 
the mixing procedure are shown in Table VIII. 



TABLE VIII 



Ethylene Polymer : 

15 PE 47 MI, 0.9706 g/cc 

EHC 49 HI, 0.9543 g/cc 

EHC 45 MI, 0.9489 g/cc 

PE 1.5 HLMI, 0.9522 g/cc 

EHC 1.3 HLMI, 0.9447 g/cc 

20 EHC 1.3 HLMI, 0.9404 g/cc 

Mixing ; 

Henschel Mix 
Banbury Mix 
Pelletize 

25 Properties : 

Melt Index, g/10 min. 
HLMI, g/10 min. 
Density, g/cc 
Flexural Modulus, MPa 
30 ESCR, hours 

Film Test Results : 

Dart Impact, g, 26713" m 
Elmendorf Tear, g, MD/TD ' 
Patterson Puncture, Kg, MD/TD 
35 Fish Eye Count, Hard Gel/Char 



40 



60 



<50/100 
60/150 
2.4/2.6 
3/8 



40 



60 



40 
60 



40 
60 



yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


0.20 


0.19 


0.23 


0.25 


10.2 


9.6 


10.9 


12.2 


0.9560 


0.9577 


0.9550 


0.9553 


1370 


1520 


1400 


1260 


>1000 


>1000 


87 


87 



<50/100 
50/130 
2.2/2.7 
5/10 



(surged) <50/70 
No good 50/110 
film 1.7/2.3 
2/16 3/22 



^MD is machine direction; TD is transverse direction. 
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He data in Table VIII again «•">» • d*"**"- of the 

environ«»tel stress crack resistance upon the structure of the brgb 
2 cuUr velgbt etnyUne P oly«r utilUed. «hereas the blend »«. an 
Tt « 1-1— ccpol^r es the high Secular weight 

" go od ensiro-entsl .tree, crack resistance, the blend contssnrng an 
etlL h.oopoly.er as the high .oleculer weight ethylene poller 

rrreei^c. even though the Mono densities and «lt flous ere sery 
close. 

EXAMPLE VI 

In this example a blend of a low molecular weight ethylene 
copolymer and a high molecular weight ethylene 1-hexene copolymer as 
;r ca S and specified in the » table were used with vary^g 
mixing techniques. The results are shown in Table IX. 



15 



20 



25 



30 



35 



Eth ylene Polymer : 

PE 47 MI, 0.9706 g/cc 
EHC 1.3 HLMI, 0.9404 g/cc 
Zinc Stearate, Part by Weight 
Ethylene-bis-stearamide , 
Part by Weight 

Mixing : 

Henschel Mix 
Banbury Mix 
Pelletize 

Properties : 

Melt Index, g/10 min. 
HLMI, g/10 min. 
Density, g/cc 
Flexural Modulus, MPa 
ESCR, hours 
Film Test Results : 

Dart Impact, g, Z 6 "/ 1 ^" 
Elmendorf Tear, g, 
Patterson Puncture, Kg, MD/TD 
Fish Eye Count, Hard Gel/Char 



TABLE IX 



45 
55 

0.05 



yes 
yes 
yes 



0.47 
28.7 
0.958 
1490 
>1000 



60/130 
40/90 
1.7/2.2 
5/7 



45 


45 


45 


55 


55 


55 


0 


.0 


0 


0.05 


0.05 


0 


yes 


yes 


yes 


no 


yes 


no 


yes 


yes 


no 


0.42 


0.25 


fluff 


27.1 


14.0 


feed 


0.958 


0.956 


no 


1500 


1450 


pellets 


>1000 


>1000 





70/170 80/190 90/200 

40/120 60/150 30/150 

1.6/2.1 2.4/2.8 1.7/2.5 

750/0 11/H 6/0 
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The right column of Table IX is particularly interesting since 
this run demonstrates the possibility for direct feeding of the polymer 
fluff mixture to a film extruder while obtaining excellent film test 
results. Thus no extruder or Banhury premixing was required in this run. 
A force feeder was used during the film extrusion to eliminate surging. 
The environmental stress crack resistance values for the pellet blends 
used in this example also were very good. 

EXAMPLE VII 

In this example the effect of the high molecular weight 
copolymer on the Dart impact strength was tested. The ethylene polymer 
components used and the results obtained are shown in Table X. 
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The data in Table X demonstrate that the dart impact strength 
is improved if the high molecular weight portion is a copolymer rather 
than the low molecular weight portion of the ethylene polymer 
composition. A further surprising result is shown in the above table. 

5 Even though in the first and the fourth run the density of the resin 
mixture was higher than in the second and the fifth run, respectively, 
the dart impact strength was superior. This is very unusual and 
surprising because density has a primary influence on dart impact. 
Superior dart impact is generally associated with lower density. This 

10 blend composition thus shows a clear and unexpected advantage over 
conventional polyethylene film resins in that resin blends with higher 
density show better dart impact strength than those with comparatively 
lower density when the preferred copolymer distribution is used. Again a 
substantial dependency of the environmental stress crack resistance upon 

15 the structure of the high molecular weight ethylene" polymer component is 
apparent from the above data. These data confirm the previous finding 
that the environmental stress crack resistance is best when the high 
molecular weight ethylene polymer component is an ethylene/ 1-hexene 
copolymer. The table above also shows the reduced Fish Eye Count for the 

20 50/50 weight percent blend. 

The above runs also demonstrate the feasibility of the 

elimination of a Banbury mixing step. 

EXAMPLE VIII 

This example was carried out to demonstrate that a blend of 
25 ethylene polymers with a density above 0.960 could have a high Dart 
impact strength when made into blown film. The components used and the 
results obtained are again shown in Table XI. 
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Table XI 



60 


60 


60 


60 




40 




AO 




40 


yes 


yes 


yes 


yes 


no 


yes 


no 


yes 


yes 


yes 


yes 


yes 


no 


no 


no 


no 



0.17 
17.6 
0.9623 
1680 
>1000 



<50/120 
30/180 
1.7/2.0 



0.17 
15.6 
0.9626 
1650 
>1000 



0.08 

12.6 

0.9643 

1800 

126 



0.08 
8.5 

0.9639 

1620 

282 



Ethylene Polymer : 

PE 158 MI, 0.9664 g/cc 
EHC 0.22 HLMI, 0.9359 g/cc 
PE 0.10 HLMI, 0.9401 g/cc 

Mixing : 

Henschel Mix 
Banbury Mix 
Pelletized 
Static Mixer 

Properties : 

Melt Index, g/10 min. 
HLMI, g/10 min. 
Density, g/cc 
Flexural Modulus, MPa 
ESCR, hours 
Him Test Results : 

Dart Impact, g, 26 M /13" 
Elmendorf Tear, g, MD/TD 
Patterson Puncture, Kg, MD/TD 

In the blends shown in Table XI very low HLMI. polymers , i.e. 
ethylene polymers with high molecular weight, were used and they required 
ffl0 re intensive mixing such as Banbury mixing in order to obtain good film 
properties. The data show, however, that the film properties are very 
good despite the fact that the blend density is above 0.96. ESCR again 
points out the significance of even small amounts of short branching in 

high molecular weight component. 

EXAMPLE IX 

Ethylene polymer resin blends were fabricated from ethylene 
polymers and using mixing techniques as indicated in the following table. 
The properties of the polymer blend as well as the film test results are 
also shown in Table XII. In the series employing extruder mixing, each 
composition was prepared with the indicated screw type. 



150/250 " <50/<50 
50/180 40/120 
2.1/2.7 



180/340 
40/390 
1.6/1.7 2.4/2.8 
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10 



15 



Etlivlenejolvmer: 

-co mi 0.9664 g/ cc , 
EHC 0.22 HLMI, 0.9*>» 8/ 

Mixing 

Henschel Mix 

Banbury Mix 
Davis-Standard (1) 

2.2/1SS Screw (2) 
3.0/1SS Screw 

TSD Screw 

(4) 

SSM Scre " 5) 
DDD Screw 
Static Mixer 

Pro perties ; 

Melt index g/10 

mi, s/ 10 min 

Density, g/cc 
ilexural Modulus, MPa 
.ESCR, hours 
FilfflJ^Results'- 

• ■ ?6" / 13" 

Dart Impact, g, ' 
Elmendorf Tear , g, "D/TD 



60 
40 



yes 
no 

yes 
no 

no 

no 

no 
yes 



60 
40 



60 
40 



60 
40 



60 
40 



20 



0.14 
15.7 
0.9633 
1670 
>1000 



yes 
no 

no 
yes 

no 

no 

no 
yes 

0.16 
20.4 
0.9628 
1670 
>1000 



yes 
no 

no 
no 

yes 

no 

no 
yes 

0.15 

18.* 
0.9627 
1640 
>1000 



yes 


yes 


no 


no 


BO 


no 


BO 


no 


BO 


no 


yes 


BO 


BO 


yes 


yes 


yes 



0.15 0.10 

19.8 19.6 

0.9624 0.9622 
1690 1670 

>iooo >iooo 



« 15/mo. Ts'/SS. 



<50/<50 <50/<50 
30/160 27/180 
1.6/1.7 1-6/1-6 



25 



Dart Impact, s, - 27/2 70 7 

< 4) SSM is a single screw 
(5) Saoe as footnote 2, Table V. 

, u XII as indicated by dart impact 
Tbe poor results in Table , ^ molecular 

for these blends which all « having at 

wei8 t component, empbasi.es the prefe-ce ^ ^ %M 

Ut 50 % bigb molecular ^ fal ls below 50% in high 

quired for good results only xl the 
35 secular weight component. 

^Tade using again ethylene polymers 
In tbis example resin blends were » e « ^ ^ shows ^ 

properties of the blend and the f rim 
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L0 melt flow. The last wo excellent. 
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A. 




10 



15 



HHWP 

1H 
2H 
3H 
4H* 
5H* 
6H* 
7H 
8H 
9H 
10H 
11H 
12H 
13H 



B. 



20 



25 



LMWP 

20L* 

21L* 

22L* 

23L* 

24L* 

25L 

26L 



Density 

0.9360 

0.9355 

0.9380 

0.9490 

0.9500 

0.9480 

0.9445 

0.9419 

0.9388 

0.9393 

0.9377 

0.9331 

0.9312 

loj^lolecu^^ 

Density 

0.9675 
0.9696 
0.9*700 
0.9700 
0.9690 
0.9700 
0.9600 
0.9550 



HLMI 
(g/lOminJ. 

0.24 
0.30 
0.37 
1.41 
1.56 
0.89 
1.40 
2.04 
1.80 
1.48 
1.71 
1.41 
1.45 



Melt Index 
flO min.) 



67 
275 
146 
212 
108 

150 
98 

106 



30 



2?L , rs AU others are 1-hexene copolymers 
indicates homopolymers. All 



B. 



35 



40 



jj. Mixini^SSEO^ . 0 . 05 we ight % BO. 0.03 

• ---tr^mz^on durxng proce s g ^ ^ fluff 

* <v calcium stearate 
weight % DLTDP end O.Oe weight ^ calci 

the Henschel »i«r. foUowiIg steps, 1. 

Hi*i»g .»! P«Hc'""* M "° t „ ere Mlgt « 4 to giee the 

.u.as of high - -f^JL. - — °\ 

^reotetio. >• ^^steUUtets. 3. Teepees 
Mg h spee. i» the Heeschel -e » M u tr.ge. 

wece force M to the « « ' we« set et » C. 

protection. The texture mm °* ^ rM8 e of 30 to 40 

Lew speea wee 90 cp.- «- » „ Uo aoi e *. 

^ pet ^ !CMM p sc k wee * - * 

to diameter ratio. A •»/ 
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„ d 1/8 inch boles. A Cumberland Six Chopper was used for 

die had »/» i" 00 ° h „„ t0 2 S0° C range. 

peUetl*™- Helt tenures .ere » the 230 t 

<" .re - - ^ - -tT- 

take-off equipment. The Sano die high 

Thf. die was designed for use witn u 6 
0.76 m die gap. The die wa ■ ^ a ^ ^ 

secular weight polyethylene. The ext gcreW w 

a ^ «,i*h a 24:1 length to diameter ratio. 

» u i C. T.he-o.f 3P«a »« " 

IJil Sfls evauated V, — * a v.riet, * Parties. 

following tables. • 
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Some commercially available film resins were converted into film as 
described. The properties found are shown in Table XVI together with the 
properties of some of the films/resins blends of this invention. 

THSCUSSION OF RESULTS 

A. Effects of Ratio of Components 

One of the most important facts discovered in this work 
relating to film resins was that, in order to get uniform, homogeneous 
blends from two widely different molecular weight polymers using 
continuous processing equipment, it is preferred that >50% by weight of 
the blend be of the high molecular weight component. This is not 
necessarily true if batch processing equipment, such as a Banbury, is 

used to homogenize the mixture. 

The explanation for this phenomenon may be that at compositions 
of less than 50% high molecular weight polymer, the low molecular weight 
polymer becomes the continuous phase. Due to the extremely low viscosity 
of the low molecular weight polymer, it is very difficult to apply the 
necessary shear stresses to the high molecular weight particles to make 
them disperse uniformly. However, when the concentration of high 
molecular weight polymer exceeds 50%, it becomes the continuous phase and 
can easily transmit the shear stresses to the low molecular weight 
particles. In order to be safe and achieve the best dispersion, it is 
preferred that the film composition contains at least 52% high molecular 
weight polymer. 

The effects of film blend composition is presented in Table XV, 
blends 1 through 7. The film fish eye count is a convenient method of 
measuring the homogeneity of the blend. Note that the fish eye count was 
at a high level of 39/ft 2 for the 50/50 blend, but decreased to 5/ft for 
the 60/40 blend. Also, the film tear strength improves with increasing 
high molecular weight polymer content. The exact degree of dispersion 
for any particlar blend will depend upon the capabilities of the 
equipment used. However, the relative effect of concentration would be 
expected to apply in any equipment. 
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The results obtained for blends 8-11 indicate that blends 
exhibiting excellent impact properties, high tear strengths, high ESCR 
values and acceptable to high flexural modulus values are obtained with a 
50/50 weight percent blend of high molecular weight and low molecular 
weight components. The high molecular weight component had a HLMI of 
about 0.2-0.4 with a density of about 0.935 g/cc while low molecular 
weight polymers having MI values ranging from about 100-210 and densities 
ranging from about 0.955-0.970 g/cc were employed. The data show that 
the high fisheye counts (660 to 1200) for blends 9-11 can be 
substantially reduced by approximately doubling the MI of the low 
molecular weight component, e.g. from about 100 to about 200. 

In the series of blends 12-35 the high molecular weight 
component varied from 55-63 weight percent, the HLMI varied from about 
0.9-2 and the density ranged from about 0.931-0.950 g/cc. The low 
molecular component varied from 45-37 weight percent, the MI varied from 
about 70-145 and the density ranged from about 0.955-0.970 g/cc. All of 
the blends exhibited a low fisheye count (0.5-29) showing the importance 
of having greater than 50 weight percent high molecular weight component 
to accomplish a homogeneous blend. 

As the density of the high molecular weight component decreased 
from about 0.950 g/cc of blend 12 to about 0.931 g/cc of blend 35 the 
results show that a substantial increase in Dart impact, Elmendorf tear 
and ESCR values were obtained. That is, Dart impact increased from 45 to 
150 g, the MD tear increased from 25 to 64 g, the TD tear increased from 
110 to 330 g and ESCR increased from 101 to greater than 1000 hours. The 
MI, density and flexural modulus of the resulting blends depended upon 
the values of the high and low molecular weight components. 

The data in Table XVI demonstrate at approximately equal blend 
MI and density values relative to Hizex and Hostalen commercial resins 
that the invention blends generally exhibit superior Elmendorf tear, Dart 
impact and Spencer impact values. However, the invention blends have 
unacceptably high fisheyes for film applications but may be suitable for 
other applications such as blow molded or injection molded containers and 
the like. 

Based on the data presented, an invention blend, when optimized 
for film applications, is calculated to have acceptably low fisheyes and 
the physical properties given in Table XVII. 
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ft. calculated data given in Table XVII suggest that au 
.ptimUed blend compared to commercial xesius of similar ..H index -0d 
Lit, values »ill exhibit , superior balauce of impact streugtb aud 
tpar strength. 

He molecular .eight distributiou obtained »ith inveutzon 
blends by gel permeetion ebro.at.gr.pb, is demonstrated in Figures 8 and 
. They sre clearly bimodal in character. Figure 9 is based on a 
pOT iousl, unreported 50/50 blend of high -lecular .eight polymer 2H and 
lo» molecular weight polymer 211. 

Wtiple regression analyse, on the data .Warned have been 
.ade; they show that the .eight fraction of high molecular .eight polymer 
Jas a negative effect upon the Bffl, ffl sud density of the blend 
U reusing this variable has a positive effect upon both the MD and TD 
"eU surprisingly, the dart and Spencer imp.ct strengths .ere 
not significantly affected by the concentration of high molecular .erght 

co»osed of bet»eeu 50 and 60% high molecular -.eight polymer. Ibis 

ly nsrruw rung. ... desirable for two ressons. UO A. discussed 
We .hire is a practice! or econorfcal 1- 1*-U For the Ola rest, 
blend of 50% high -secular .eight exponent due to the homogenrzatron 

problem. (2.) The melt «- lM " " 

the fraction of Ugh molecular .eight polymer increeses. Thus, 
pcocessahility deteriorates at higher levels. This rather restrxcted 
Luge accounts for the fact that this variable does not " ' 

statistically significant factor in the regression .ualysis of the dart 
and Spencer impact strength. 
B i ff.cts of Hol -eular Weights of Components 

lie „l.cul.r .eight Chere described b, SHI and HI) of the 
high molecular .eight component is the second most important ^ facto, r» 
defining the properties of a film resin blend. Hgure, -7 Utat-U 
the effects of thi. variable. Hot., for .sample, that a HIM of the hrgh 
m component belo. about 0.6 results in dart impact strength above 200 
grams (Figure 6). Also, the tear strength aud Spencer ompact strength 
Ire all function, of this variable. Thus, there is . 
, i. connection with film resin applications in keeping the JMI f the 
high molecular .eight component U. as possible. U* ™ value . of 
the high molecular .eight component make it difficult to mamtam the 
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melt index and HLMI of the blend at a sufficiently high level to achieve 
good processability while still adhering to the >50% rule discussed 
above. 

The molecular weight of the low molecular weight component also 
5 enters into consideration but only to a minor extent. The melt index of 
the low molecular weight component does not appear as a significant 
variable in any of the film property regression analyses (see Table III). 
In fact, it is only important in determining the HLMI (but not the MI) of 
the blend. It appears that this component acts only as a lubricant or 
10 diluent to affect the HLMI of the blend. Thus, it is important to keep 
the MI of the low molecular weight material as high as possible in order 
to keep the HLMI of the blend sufficiently high to achieve good 
processability. Most preferably, the MI of the low molecular weight 
component is at least 200. The calculations used to prepare Figures 1-7 
15 are all based on a blend melt index of 250 for the low molecular weight 
component. 

_C. Effects of Densities of Components 

The third most important variable in determining the film 

properties of a blend is the density of the high molecular weight 

20 component. This varaible has a negative coefficient in each of the film 

property regression equations except the Spencer impact equation, where 

it was not significant. Thus, there is a definite advantage in keeping 

the density of the high molecular weight component as low as possible for 

maximum film properties. Of course, this must also be balanced against 

* 

25 any specifications on density and stiffness. 

On the other hand, the density of the low molecular weight 
component only shows up as significant in the regression equations for 
blend density and MD tear strength. Even in these cases it only has 
about 1/3 the effect of the density of the high molecular weight 

30 component. Thus, in order to achieve a high blend density and stiffness 
with high film strength properties it is best to use a high density low 
molecular weight component and a low density high molecular weight 
component. In other words, there is a definite advantage to placing the 
comonomer in the high molecular weight end of the molecular weight 

35 distribution of the blend. This is one of the advantages of using a 
blend approach to optimizing a polymer's molecular structure. There is 
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no known way of controlling the distribution of comonomer with a single 
reactor product. 

D Com parison Wi th Competitive Resins 

Data for two leading commercial high molecular weight film 
resins Hizex 7000F and Hostalen GM 9255F, are presented in Table XVI and 
compared with several of the inventions blend polymers. These films were 
all produced under identical conditions. Inspection of these results 
shows that the invention blends are generally superior to the commercxal 
resins in all film properties. The greatest advantage for the blends 
appears in the very important TD tear strength where the blends of this 
invention surpass the commercial resins by a factor of at least 2. 

The mathematical models of the blend resin properties of this 
invention may also be used to formulate a resin to match the HLMI, MI and 
density of a commercial polymer. Table XVII illustrates these results 
for a blend which exactly matches the melt index,~HLMI and density of 
Hostalen GM 9255F. 



TABLE XVII 

COMPARISON OF COMMERCIAL FILM RESINS WITH 
CALCULATED HROFERTIES OF OPIIMT TKn INVENTION BLEND 



Melt Index 
HLMI 

Density, g/cc 
Dart Impact, g 
Spencer Impact, J 
Elmendorf Tear, g 
MD 



Competitive Resins 
Hizex Hostalen 
7nnnF GM9255F 


Calculated 
Values 


95% Confidence 
Limits 


0.03 


0.06 


0.06 


0.02 


0.10 


10.1 


9.7 


9.7 


5.5 


13.9 


0.9533 


0.9578 


0.9577 


0.9555 


0.9600 


195 


179 


200 


190 


210 


0.356 


0.359 


0.46 


0.43 


0.49 


53 


38 


41 


35 


47 



TD 



128 



280 



220 



350 



100 

*Blend Composition 
High MW Component: 

Weight Fraction = 52% 
Low MW Component: ^|Kf 
Weight Fraction = 48% 



HLMI = 0.35 g/10 min. 
Density =0.940 g/cc 
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E. Comparison of Hostalen Film Resin 
With Invention Film Resin Blend 

A commercially available film resin was compared with the bJend 

of this invention with the following results: 

TABLE XVIIA 

Invention Blend* Hostalen GM 9255F 

HLMI, g/10 min. 7.4 9.7 

MI f g/10 min. 0.09 0.06 

Density, g/cc 0.946 0.9578 

Dart Impact, g, 26" 213 190 

Spencer Impact, J 0.55 0.41 

Elmendorf Tear, g 

MD 37 38 

TD 394 - 100 

Fisheyes, ft" 2 12 10 

Film Thickness, mils 1.0 1.0 - . 

Blow Up Ratio 4:1 4:1 

*Blend Composition 

High MW Component: HLMI = 0.36 g/10 min. 

Density = 0.9340 g/cc 
Weight Fraction e 52% 

low MW Component: MI = 112 g/10 min. 

Density = 0.9571 g/cc 
Weight Fraction = 48% 

The results in Table XVIIA show the invention blend to be 
superior to the commercial resin in dart and Spencer impact values, 
equivalent in MD Elmendorf tear and about 4-fold better in TD Elmendorf 
tear. The fisheye content of each film is about the same. Note that 
film properties of this polymer are all significantly superior to those 
of the Hostalen resin. Thus, both the actual, observed blend data and 
the predictions from the models are in agreement with the conclusion that 
a superior film resin can be produced by this technique. 

F. Environmental Stress Crack Resistance and Stiffness 

Another important property of the blend resins of this 
invention is their outstanding environmental stress crack resistance. 
Several of the samples are compared with data from polymers of comparable 
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melt index and density in Table XVIII produced with a commercially 
available chromium oxide supported on coprecipitated silica-titania 
(cogel) catalyst. 
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TABLE XVIII 

COMPARISON OF ESCR DATA FOR BLENDS 
WITH COMPARABLE COGEL RESINS 

Flexural 



Control 
Control 

Invention Blend 



Control 
Control 

Invention Blend 



Control 
Control 

Invention Blend 



Melt Index 
(g/10 min) 


Density 

(fi/cO 

0.9500 


Modulus 
(MPa) 


Bell ESCR 
(hrs) 


0.19 
0.12 
0.21 


0.9503 
0.9503 
0.9500 

0.9536 


1179 
1172 
1255 


530 
400 
>1000 


0.24 
0.22 
0.20 


0.9536 
0.9537 
0.9536 

0.9540 


1303 
i317 
1400 


150 
115 
>1000 


0.30 
0.20 
0.12 


"0.9543 
0.9540 
0.9547 

0.9570 


1372 
1296 
1551 


110 
130 
>1000 


0.17 
0.18 
0.19 
0.18 


0.9573 
0.9568 
0.9572 
0.9570 


1374 
1360 
1410 
1556 


326* 
326* 
338* 
>1000 



40 



Control 
Control 
Control 

Invention Blend 

*These three polymers were made from 1000°F activation temperature 
catalysts to give maximum ESCR. 

Note that in all cases the cogel polymers have ESCR values of only a few 
hundred hours, while all of the blends have ESCR values of >1000 hours. 
In fact, not one single specimen failed during the 1000 hours for any of . 

the blends in Table XVIII. 

Significantly, the stiffness of these polymers is in every case 
greater than that of the comparable cogel polymers by approximately 100 
MPa. Thus the resins of this invention have achieved the outstanding 
feat of both superior stiffness and ESCR. 

Several of these polymer blends were evaluated in blow molded 
bottles, where it was noted that they were remarkably uniform and free of 
streaks. Their color and odor were also excellent. These resins were 
judged to be superior to typical polyethylene resins in this regard. 
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Example XII 

In this example, 42 blends were prepared from resins within the 
limits specified above and their physical properties and flow properties 
were determined. Results are listed in Table XV, Mathematical 
regression analysis of the results obtained was made to ascertain the 
significance of the independent variables on blend properties. The 
following significant dependencies were found: 



^Blend 

< MI >Blend 
10 (Density) Blend 

(Dart I»pact) Blend) 

lSpencer(Joules)] BleQd 

(Elmendorf, MD ) Blend 



15 (Elmendorf, TD) Blend = 



55.67 - 108.33^) + 11.61 (HLMIj) + 0.021 MI 2 

0.8968 - 1.76l(Wj) + O^KHLMIj) 

-0.053 - 0.0393(W 1 ) + 0.644(0^ + 0.439(D 2 ) 



2165 - 2063 (Dj) 



75.07(HLMIj) 



= 0.5107 - 0.1369(HLMI) 1 



2038 + 152.8(Wj) 
9.74(10111^ 
5870 + 83.88(Wj) 



1671 (D. 



518(D 2 ) 



6367 (D a ) 



106.7 00111^ 



20 



Wj = Weight fraction of high MW component 

Dj = Density of high MW comonent 

HLMIj = HTJiT of high MW component 

Dj = Density of low MW component 

MI_ = MI of low MW component 



Conclusions reached from multiple regression analysis: 

1. The HLMI and MI of the blend is primarily dependent on 
weight fractions and HLMI of the high molecular weight component. 

2. Density of the blend is primarily dependent on the 
25 densities of each of the components. 

3. Dart impact of the blend is primarily dependent on the 
density and HLMI of the high molecular weight component. 

4. Spencer impact of the blend is primarily dependent on the 
HLMI of the high molecular weight component. 

30 5. Elmendorf tear, MD, is dependent on weight fraction, 

density and HLMI of the high molecular weight component and the density 
of the low molecular weight component. 
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6. Elmendorf tear, TD, is dependent on the weight fractions, 
density and HLMI of the high molecular weight component. 

Reasonable variations and modifications can be nade in this 
invention without departing from the spirit and scope thereof. 
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Claims 



1 1. Ethylene polymer blend comprising 

(a) 40-70 parts by weight of a high molecular weight ethylene 
polymer having a high load melt index (HLMI) in the range 
of 0.1 to 1.5 g/10 min, and 

(b) 60-30 parts by weight of a low molecular weight ethylene 
5 polymer having a melt index (MI) in the range of 45-300 

g/10 minutes. 

2. The blend of claim 1 characterized in that both ethylene poly- 
mers (a) and (b) have a narrow molecular weight distribution. 

3. The blend of claim 1 or 2 characterized in that said polymer 
(a) is a polymer of ethylene and 0 to 30 weight percent mono- 
1-olefin having 3-10 carbon atoms, and said polymer (b) is an 
ethylene homopolymer. 

15 

4. The blend of any of claims 1 to 3 characterized in that 
neither polymer (a) nor polymer (b) has any substantial long 
chain branching. 
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1 5- The blend of any of claims 1 to 4 characterized in that 
polymer (a) has a high load melt index (HLMI) in the 
range of 0.2-0.6, the ethylene homopolymer (b) has a 
melt index (MI) of 100-300, the ethylene homopolymer (b) 

5 is essentially linear and polymer (a) is essentially 
linear and has essentially only short chain branching 
from the comonomer, if any. 
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6. The blend of any of claims 1 to 5 characterized in that 
said high molecular weight ethylene polymerias a den- 
sity in the range of 0.930 to 0.955 g/ml and said low 
molecular weight ethylene polymer yhas a density in the 
range of 0.945 to 0.975 g/ml. 

15 7. Ethylene polymer blend comprising 

(a) a high molecular weight ethylene polymer randomly 
copolymerized from ethylene and 5 to 10 weight % of 
a mono- 1 -olefin of 4 to 8 carbon atoms, and 

(b) a low molecular weight ethylene homopolymer. 

20 

8. A process for producing an ethylene polymer blend 
characterized by blending 40 to 70 parts by weight of a 
high molecular weight ethylene polymer (a) according to 
any of claims 1 to 7, and 60 to 30 parts by weight of a 

25 low molecular weight ethylene polymer according to any 
of claims 1 to 7. 

9. The process of claim 8 characterized in that both ethylene 
polymers (a) and (b) are blended as polymer fluff to ob- 

30 tain a polymer fluff blend as the product. 

10. A process for producing an ethylene polymer sheet com- 
prising extruding a fluid ethylene polymer blend and for- 
ming the extruded blend into a sheet characterized by 
35 using the ethylene polymer blend of one of claims 1 to 7. 
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